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ODONTORNITHES, OR BIRDS WITH TEETH.! 


BY PROFESSOR 0. C. MARSH. 

Remarns of birds are among the rarest of fossils, and few have 
been discovered except in the more recent formations. With the 
exception of Archeopteryx from the Jurassic, and a single species 
from the Cretaceous, no birds are known in the old world below 
the Tertiary. In this country numerous remains of birds have 
been found in the Cretaceous, but there is no satisfactory evidence 
of theit existence in any older formation, the three-toed footprints 
of the Triassic being probably all made by Dinosaurian reptiles. 

The Museum of Yale College contains a large series of remains 
of birds from the Cretaceous deposits of the Atlantic coast and 
the Rocky Mountain region, thirteen species of which have already 
been described by the writer. The most important of these re- 
mains, so far as now known, are the Odontornithes, or birds with 
teeth, and it is the object of the present communication to give 
some of the more marked characters of this group, reserving the 
full deseription for a memoir now in course of preparation. 

The first species of birds in which teeth were detected was 
Ichthyornis dispar Marsh, described in 1872.2. Fortunately the 
type specimen of this remarkable species was in excellent preser- 
vation, and the more important portions of both the skull and 


1 Published in part in the American Journal of Science, Vol. x, November, 1875. 
2 American Journal of Science, Vol. iv, p. 344, and vol. v, p. 74. 
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skeleton were secured. These remains indicate an aquatic bird, 
fully adult, and about as large as a pigeon. 

The skull is of moderate size, and the eyes were placed well 
forward. ‘The lower jaws are long, rather slender, and the rami 
were not coodssified at the symphysis. In each lower jaw there 
are twenty-one distinct sockets, and the series extends over the 
entire upper margin of the dentary bone (Plate II, figures 1 and 
2). The teeth in these sockets are small, compressed and pointed, 
and all are directed more or less backward. The crowns are cov- 
ered with nearly smooth enamel. The maxillary teeth appear to 
have been numerous, and essentially the same as those in the 
mandible. Whether the premaxillary bones supported teeth, or 
were covered with a horny beak, cannot be determined from the 
present specimen. 

The scapular arch and the bones of the wings and legs all con- 
form closely to the true avian type. The sternum has a promi- 
nent keel, and elongated grooves for the expanded coracoids. 
The wings were very large in proportion to the legs, and the 
humerus had an extended radial crest. The metacarpals are coos- 
sified, as in recent birds, thus differing widely from those of 
Archewopteryx. The bones of the posterior extremities are slender, 
and resemble those of some aquatic birds. ‘The centra of the 
vertebre are all biconcave, the concavities at each end being dis- 
tinct, and nearly equal (Plate II, figures 3 and 4). The sacrum 
is elongated, and made up of a large number of codssified vertebree. 
Whether the tail was elongated or not cannot at present be de- 
cided. 

The jaws and teeth of this species show it to have been carniv- 
orous, and it was probably aquatic. Its powerful wings indicate 
that it was capable of prolonged flight. 

Another Cretaceous bird (Apatornis celer Marsh), belonging 
apparently to the same order as Ichthyornis, was found by the 
writer in 1872 in the same geological horizon in Kansas. The re- 
mains preserved indicate an individual about the same size as 
Ichthyornis dispar, but of more slender proportions. ‘The vertebrz 
are biconcave, and there were probably teeth. 

The most interesting bird with teeth yet discovered is perhaps 
Hesperornis regalis, a gigantic diver, also from the Cretaceous of 
Kansas, and discovered by the writer in 1870. The type specimen, 
which was found by the writer in 1871, and described soon after, 


ODONTORNITHES, OR BIRDS WITH TEETH. 627 


consisted mainly of vertebrae and the nearly complete posterior 
limbs, all in excellent preservation.! 

A nearly perfect skeleton of this species was obtained in 
Western Kansas by Mr. T. H. Russell and the writer in Novem- 
ber, 1872, during the explorations of the Yale College party, 
and several other less perfect specimens have since been secured, 
and are now in the Yale Museum. ‘These various remains 
apparently all belong to one species. 

The skull of Hesperornis has the same general form as that in 
Colymbus torquatus Briin., but there is a more prominent median 
crest between the orbits, and the beak is less pointed. The brain 
vavity was quite small. The maxillary bones are massive, and 
have throughout their length a deep inferior groove which was 
thickly set with sharp, pointed teeth. These teeth had no true 
sockets, but between their bases there are slight projections from 
the sides of the grooves. (Plate III, figure 2). The teeth have 
pointed crowns, covered with enamel, and supported on stout 
fangs. (Plate ILI, figure 1a). In form of crown and base, they 
most resemble the teeth of Mosasauroid reptiles. The method of 
replacement, also, was the same, as some of the teeth preserved 
have the crowns of the successional teeth implanted in cavities in 
their fangs. The maxillary grooves do not extend into the pre- 
maxillaries, and the latter do not appear to have supported teeth. 
The external appearance, moreover, of the premaxillaries seems 
to indicate that these bones were covered with a horny bill, as in 
modern birds. 

The lower jaws are long, and slender, and the rami were united 
in front only by cartilage. The dentary bone has a deep groove 
throughout its entire length, and in this, teeth were thickly planted, 
as in the jaws of Ichthyosaurus. The lower teeth are similar to 
those above, and all were more or less recurved (Plate III, fig. 2). 

The scapular arch of Hesperornis presents many features of 
interest. The sternum is thin and weak, and entirely without a 
keel. In front, it resembles the sternum of Apteryx, but there are 
two very deep posterior emarginations, as in the Penguins. The 
scapula and coracoid are very small. The wing bones are dimin- 
utive, and the wings were rudimentary, and useless as organs of 
either flight or swimming. 

The vertebree in the cervical and dorsal regions are of the true 
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ornithic type, the articular faces of the centra being quite as in 
modern birds (Plate III, figures 3 and 4). The sacrum is elon- 
gated, and resembles that in recent diving birds. The last sacral 
vertebra is quite small. The caudal vertebre, which are about 
twelve in number, are very peculiar, and indicate a structure not 
before seen in birds. The anterior caudals are short, with high 
neural spines and moderate transverse processes. The middle 
and posterior caudals have very long and horizontally expanded 
transverse processes, which restrict lateral motion, but clearly in- 
dicate that the tail was moved vertically, probably in diving. 
The last three or four caudal vertebre are firmly codssified, form- 
ing a flat terminal mass, analogous to, but quite unlike, the 
‘“‘ploughshare” bone of modern birds. The anterior two at least 
of these caudals have expanded transverse processes. 

The pelvic bones, although avian in type, are peculiar, and pre- 
sent some well marked reptilian features. A resemblance to the 
corresponding bones of a Cassowary is at once evident, especially 
in a side view, as the ilium, ischium, and pubis all have their pos- 
terior extremities separate. The two latter are slender, and also 
free, back of their union with the ilium at the acetabulum. The 
ischium is spatulate at its distal end, and the pubis rodlike. The 
acetabulum differs from that in all known birds, in being closed 
internally by bone, except a foramen, that perforates the inner 
wall. 

The femur is unusually short and stout, much flattened antero- 
posteriorly, and the shaft curved forward. It somewhat resem- 
bles in form the femur of Colymbus torquatus Briin., but the great 
trochanter is proportionally much less developed in a fore-and-aft 
direction, and the shaft is much more flattened. The tibia is 
straight and elongated. Its proximal end has a moderately devel- 
oped cnemial process, with an obtuse apex. The epi-cnemial ridge 
is prominent, and continued distally about one-half the length of 
the shaft. The distal end of the tibia has on its anterior face no 
ossified supratendinal bridge, differing in this respect from nearly 
all known aquatic birds. The fibula is well developed, and resen- 
bles that of the Divers. The patella is large, as in Podiceps, and 
in position extends far above the elevated rotular process of the 
tibia. 

The tarso-metatarsal bone is much compressed transversely, and 
resembles in its main features that of Colymbus. On its anterior 
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face there is a deep groove between the¢hird and fourth metatarsal 
elements, bounded on its outer margin by a prominent rounded 
ridge, which expands distally into the free articular end of the 
fourth metatarsal. This extremity projects far beyond the other 
two, and is double the size of either, thus showing a marked 
difference from any known recent or fossil bird. There is a 
shallow groove, also, between the second and third metatarsals. 
The second metatarsal is much shorter than the third or fourth, 
and its trochlear end resembles in shape and size that of the 
former. The existence of a hallux is indicated by an elongated 
oval indentation on the inner margin above the articular face of 
the second metatarsal. The free extremities of the metatarsals 
have the same oblique arrangement as in the Colymbide, to facili- 
tate the forward stroke of the foot through the water. There are 
no canals or even grooves for tendons on the posterior face of the 
proximal end, as in the Divers and most other birds; but below 
this, there is broad, shallow depression, extending rather more 
than half way to the distal extremity. 

The phalanges are shorter than in most swimming birds. Those 
of the large, external toe are very peculiar, although an approach 
to the same structure is seen in the genus Podiceps. On the outer, 
inferior margin, they are all deeply excavated. The first, second, 
and third have, at their distal ends, a single, oblique, articular 
face on the inner half of the extremity, and the outer portion is 
produced into an elongated, obtuse process, which fits into a 
corresponding cavity in the adjoining phalanx. This peculiar 
articulation prevents flexion except in one direction, and greatly 
increases the strength of the joints. The terminal phalanx of this 
toe was much compressed. The third, or middle toe, was greatly 
inferior to the fourth in size, and had slender, compressed pha- 
langes, which correspond essentially in their main features with 
those of modern Divers. 

The remains preserved of Hesperornis regalis show that this 
species was larger than any known aquatic bird. All the speci- 
mens discovered are in the Yale College Museum, and agree es- 
sentially in size, the length from the apex of the bill to the end of 
the toes being between five and six feet. The habits of this gi- 
gantic bird are clearly indicated in the skeleton, almost every part 
of which has now been found. The rudimentary wings prove that 
flight was impossible, while the powerful swimming legs and feet 
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were peculiarly adapted to rapid motion through the water. The 
tail appears to have been much expanded horizontally, as in the 
Beaver, and doubtless was an efficient aid in diving, perhaps com- 
pensating in part for want of wings, which the Penguins use with 
so much effect in swimming under water. That Hesperornis was 
carnivorous is clearly proven by its teeth; and its food was prob- 
ably fishes. 

The zoological position of Hesperornis is evidently in the 
Odontornithes ; but the insertion of the teeth in grooves, the ab- 
sence of a keel on’ the sternum, and the wide difference in the 
vertebrae require that it be placed in a distinct order, which may 
be called Odontolce, in alltsion to the position of the teeth in 
grooves. 

The two orders of birds with teeth would then be distinguished 
as follows :— 


Sub-Class, ODONTORNITHES (or AVES DENTATZD). 


A. Teeth in sockets. Vertebre biconcave. Sternum with keel. Wings 
well developed. 
Order, ODONTOTORM&.! 
B. Teeth in grooves. Vertebre as in recent birds. Sternum without 
kee]. Wings rudimentary. 


Order, ODONTOLC2. 


In comparing Jchthyornis and Hesperornis, it will be noticed that 
the combination of characters in each is very remarkable, and quite 
the reverse of what would naturally be expected. The former has 
tecth in distinct sockets, with biconcave vertebre ; while the latter 
has teeth in grooves, and yet vertebree similar to those of modern 
birds. In point of size, and means of locomotion, the two pre- 
sent the most marked contrast. The fact that two birds, so en- 
tirely different, living together during the Cretaceous, should have 
been recovered in such perfect preservation, suggests what we may 
yet hope to learn of life in that period. 

The geological horizon of all the Odontornithes now known is 
the Upper Cretaceous. The associated vertebrate fossils are 
mainly Mosasauroid reptiles and Pterodactyls. 


1The name IJchthyornithes, first proposed for this order by the writer, proves to be 
preoccupied, and Odontotorme may be substituted. The name Ichthyornide may be 


retained for the family.— O. C. M. 


« 


B 


ODONTORNITHES, OR BIRDS WITH TEETH. 631 


EXPLANATION OF PLATES. 
Plate II.—Jchthyornis dispar Marsh. Twice natural size. 
Figure 1. Left lower jaw; side view. 
Figure 2. Left lower jaw; top view. 
Figure 8. Cervical vertebra; side view. 
Figure 4. Same vertebra; front view. 
Plate Hesperornis regalis Marsh. 
Figure 1. Left lower jaw; side view; half natural size. 
Figure la. Tooth; four times natural size. 
Figure 2. —eft lower jaw; top view; half natural size. 
Figure 8. Dorsal vertebra; side view; natural size. 
Figure 4. Same vertebra; front view; natural size. 


MODE OF GROWTH OF THE LOWER VERTEBRATES. 


BY A. S. PACKARD, JR. 
—— 


In the adult Amphioxus, we behold a vertebrate without a true 
back bone, but a dorsal cord like that of certain larval Ascidians ; 
with no brain, no true heart. but with a vascular system resembling 
that of worms; with primitive kidneys like the segmental organs 
of worms, and with the front end of the alimentary canal perforated 
with gill-slits, like those of Ascidians and the Balanoglossus worm 
rather than vertebrates. Viewing the body externally, it has no 
true head as in fishes, nor appendages supported by bony axes, like 
the fins and arms or legs of vertebrates. Yet on making a section 
of the body, the relation of the chief anatomical organs is on the 
vertebrate plan, a nerve-cavity being situated above the digestive 
cavity, the vicarious back bone, or chorda dorsalis, separating the 
two cavities. 

Development of Amphioxus. Again when we study the develop- 
ment of Amphioxus, we shall find, that while there are important 
points in which the embryology of this animal differs much from 
that of the higher vertebrates; still, as observed by Balfour, *all 
the modes of development found in the higher vertebrates are to 
be looked upon as modifications of that of Amphioxus.” 

For the life-history of the lancelet, we turn to Kowalevsky’s 
classical memoir. He found the eggs issuing in May from the 
mouth of the female, and fertilized by spermatic particles likewise 
pouring out from the mouth of the male. The eggs are very small, 
0.105 millimetres in diameter. The eggs undergo total segmenta- 
tion, exactly as in the sponge, the ascidian, the mammal, and 
even as in man, and leaving a segmentation cavity which becomes 
the body-cavity. 

The blastoderm now invaginates and the embryo swims about as 
a ciliated gastrula, comparable with that of the sponge, or Sagitta 
(Fig. 179). The body is now oval, and the germ does not differ 
much in appearance from a worm, starfish, snail or ascidian in the 
same stage or growth. No vertebrate features are yet developed. 

Soon the lively ciliated gastrula elongates, the alimentary tube 
arises from the primitive gastrula-cavity, while the edges of the 

(682) 
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flattened side of the body grow up as ridges which afterwards, as 
in all vertebrate embryos, grow over and enclose the spinal cord. 
By this time the transverse muscular bands appear. 

By the time the embryo is twenty-four hours old it assumes the 
form of a ciliated flattened cylinder, with both ends much alike. 
It is now somewhat like the Ascidian embryo (Fig. 217, B, n), 
there being a nerve-cavity, the nerye-tube, with an external open- 
ing, which afterwards closes. 

The vertebrate character, namely, the embryonic back bone 
(chorda dorsalis) has now appeared, and extends to the front end, 
beyond the end of the brain, instead of being confined to the pos- 
terior portion of the body as in the Ascidians (Fig. 217, B, x). 

In the next stage observed by the Russian embryologist, the 
Amphioxus-form was attained, the body being compressed and 
deeper in the region of the mouth, though there is no true head. 
The first gill-opening now appears, the mouth having previously 
been formed, and afterwards twelve such openings appear; the 
pharynx is thus provided with ciliated slits, as in the ascidians, 
the Balanoglossus ; and, on the other hand, all embryo vertebrates. 
The embryo lancelet is still ciliated, but these swimming-hairs 
disappear eventually and the young animal seeks the bottom and 
burrows finally in the sand. When the larval Amphioxus is still 
very small, the body is not symmetrical, the mouth is far on one 
side, and on the lower edge is a circle of external filaments sur- 
rounding the mouth, comparable with those of the ascidians, the 
clam or certain worms. 

It seems to result from these and other facts, not here presented, 
that while the Amphioxus is a low, embryonic vertebrate, which 
graduates into the fishes through the lamprey and myxine, the 
early history of Amphioxus unmistakably points back to worm- 
like parents; and on the other hand that of the vertebrates indi- 
cates their descent from an Amphioxus-like ancestor. 

Briefly recapitulating the chief events in the life of the lancelet, 
we find the following well marked stages : 

1. Morula. 

2. Gastrula (ciliated). 

3. Ascidian-like larva. 

4. Adult. LITERATURE. 


Kowalevsky. Entwickelungsgeschichte des Amphioxus lanceblatus. (Memoires de 
Acad. Imp. des Sciences de St. Petersbourg, 1857). 
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Development of the Sharks and Skates (Selachians). These 
fishes are either oviparous or viviparous. The dog-fish brings 
forth her young alive, while the skates and many sharks lay square 
eggs like those of the skate (Fig. 285, after Wyman), each corner 
sending out a tendril by which it is attached to sea-weeds. The 
yolk is not enclosed in any membrane like the vitelline membrane 

aes of birds, but lies freely 
ponte in a viscid albumen fill- 
ing the egg-capsule (Bal- 
four). 

We will now, in order 
to make out a tolerably 
complete life-history of a 
Selachian, condense Bal- 
four’s account of the early 
stages of the dog-fish 
(Mustelus), and close 
with the latter stages of 
the skate, as given by 
the late Professor Wy- 
man. The blastoderm or 
germinal disk is a large 
round spot darker than 
the rest of the yolk and 
marked off from the rest 
of the yolk by a dark 
line (really a_ shallow 
groove). Segmentation 


occurs much as described 
in the bony fishes, rep- 
tiles and birds. The upper germ-layer (epiblast) arises much as 
in the bony fishes, the Batrachians and birds, while the two inner 
germ-layers are not clearly indicated until a considerably later 
stage. The segmentation-cavity is formed much as in the bony 
fishes. There is no invagination of the outer germ-layer to form 
the primitive digestive cavity and anus of Rusconi, as in Amphi- 
oxus, the Lamprey, sturgeon and Batrachians, but the Selachians 
agree with the bony fishes, the reptiles and birds, in having the 
alimentary canal formed by an infolding of the innermost germ- 
layer, and with no anus of Rusconi, the digestive canal remaining 


Egg of the Skate. 
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in communication with the yolk for the greater part of embryonic 

Fig. 286. life by an umbilical eanal. This 
mode of origin of the digestive 
cavity, Balfour regards as second- 
ary and adaptive, no “ gastrula” 
(Heckel) being formed as in Am- 
phioxus, etc. The embryo now 
rises up as a distinct body from 
the blastoderm, just as in other 
vertebrates, and there is a medul- 
d lary groove along the middle line, 

and by the time this has appeared 
the middle and inner germ-layers are closely indicated. And now 


Embryo Skate. 


development goes on much as in the chick. 

At this time the embryo dog-fish externally resembles the young 
trout; the chief difference is an internal one, the outer germ- 
layer not being divided 
into a nervous and epi- 
dermal sub-layer as in 
the bony fishes. 

The next external 
change is the division 
of the tail-end into two 
caudal lobes. The no- 
tochord arises as a rod- 
like thickening of the 
third germ-layer, from 


Fig. 287. 


which it afterwards en- 
tirely separates, so that 
the germ, if cut trans- 
versely, would appear 
somewhat as in the em- 

bryo bird (Fig. 304). 

Now the protovertebre arise, and about this time the throat 
becomes a closed tube. The head is now formed by a singular 
flattening-out of the germ, like a spatula, while the medullary 
groove is at first entirely absent. The brain then forms, with its 
three divisions into a fore, middle and hind brain. Soon about 
twenty primitive vertebrae arise, and by this time the embryo is 
very similar, in external form; to any other vertebrate embryo, and 
finally hatches in the form of the adult. 


Side view of head of 
Fig. 2 
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Not so, however, with the skate (Jiaia batis) as it presents an 
additional chapter in its life-history, 
discovered by Professor Wyman. 
Fig. 286 (this and those following 
after Wyman) shows the young 
skate resting on the large yolk-sac. 
It is eel-shaped, the dorsal (c) and 
(d) anal fins extending to the end 
of the tail as in the eel. Fig. 287 
represents a more advanced embryo, 
showing at a and 0 the pectoral and 
ventral fins, and at d, the temporary 
anal. Fig. 288 is a side view of the 
same enlarged (a, first branchial 
fissure, largest at its outer end; 
this enlarged portion corresponds with the future spiracle ; b, the 
inner end; the first arch is in front of the fissure; b’, the second 
fissure, in front of which is the second arch, bearing a fringe; c¢, 
nasal fossa; d, projection of the optic lobes ; e, cerebral lobes.) 
Soon after the embryo skate becomes shark-shaped, as in Fig. 
289, while Figs. 290 and 291, represent a lateral and dorsal view 
of the embryo (6, facial disk; a, pectoral; c, ventral fin; e, gill- 


Fig. 289. 


Shark-shaped embryo Skate. 


Fig. 290. 


More advanced embryo of Skate. 


fringes). There are at first seven branchial fissures, the most 
anterior of which is converted into the spiracle, which is the ho- 
mologue of the Eustachian tube and the outer ear-canal; the 
seventh is wholly closed up, no trace remaining, while the five 
others remain permanently open. 

Fig. 292 represents the newly hatched skate, when the form of 
the adult is closely approached (a, yolk-sac in the cavity of the 
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abdomen, connecting with the intestine, b; c, embryonic portion 
of the tail which disappears in the adult (Wyman). 

A condensed summary of, the chief events in the life of a Se- 
lachian, is as follows :— 

1. Partial segmentation of the germinal disk. 

2. The embryo arises as a distinct body from the germinal 
disk (the gastrula ”-condition being suppressed). 


Fig. 292. 


Fig. 291. 


Dorsal view of Fig. 290. 


Newly-hatched Skate. 


3. The embryo appears like that of any other vertebrate, until 
finally 

4. The shark or skate form is assumed just before birth, or 
hatching from the egg. 

5. The skates pass through a shark-like form, before attaining 


the adult shape. 
LITERATURE. 


Wyman. Observations on the Development of Raia batis. (Mcmoirs Amer. Acad 
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Bambeke. Recherches sur le Developpment du Pelobates fuscus (Mémoires couron- 
nés Acad. Belgique, 34, 1870.) 

Balfuur. A preliminary Account of the Development of the Elasmobranch Fishes. 
(Quart. Jour. Micr. Science, 1874.) 


Development of the bony Fishes. During their reproductive sea- 
son, the bony fishes, such as the strikleback, salmon and pike, 
are more highly colored than at other times, the males being es- 
pecially brilliant in their hues, while other secondary sexual char- 
acters are developed. The female deposits her eggs either in 
masses at the surface of the water, as in the cod and goose fish, 
or at the bottom on gravel or sand as in most other fishes, the 
male passing over them and depositing his ‘‘ milt” or spermatic 


Fig. 293. 


The same as Figs. 294, 295, Embryo Blenny seen 
296, before the egg-shell in font. 


has burst. 


Fig. 295. 


The same as Fig. 294, The same as Fig. 294, 
seen in profile from seen in profile from 
the right side. the left side. 


particles. The egg has a thin transparent shell, and the yolk is 
small, covered with a thick layer of the ‘* white.” ’ 

The eggs after fertilization undergo partial segmentation, the 
primitive streak, notochord, nervous cord and brain developing 
much as described in the section on the embryology of birds. 
That the embryo before us is a fish is soon determined by the 
absence of an amnion and allantois, and by the fact that the germ 
lies free over the yolk like a band. Figs. 293, 294, 295, 296 (cop- 


Fig. 294. 
af 
. 
comme Fig. 296. 
Ex 
NG 
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ied by Agassiz! from Rathke), represent an advanced stage of the 
embryo Blenny (Zoarces viviparus) in various positions, with the 
eyes, gill arches, fins and vitelline network of blood vessels on 
the outer surface of the yolk sac. 

In the pike the heart begins to beat about the seventh day, and 
by this time the alimentary canal is marked out. The primitive 
kidneys are developed above the liver. The air-bladder (probably 
the homologue of the lungs of higher vertebrates) arises as an 
offshoot opposite the liver from the alimentary canal, and the gall- 
bladder is also originally a diverticulum of the intestine. The 
urinary bladder in the fish is supposed to be the homologue of the 
allantois of the higher vertebrates. The principal external change 
is the appearance of the usually large pectoral fins. 

The embryo pike hatches in about twelve days after develop- 
ment begins and swims about with the large yolk bag attached, 
and it is some seven or eight days before the young fish takes 
food, living meanwhile on the yolk mass. The perch hatches in 
twelve days after the egg is fertilized, and swims about for eight 
or ten days before the yolk is absorbed. ‘The vent opens in the 
pike four days, and in the perch six days, after hatching. The 
gills gradually develop as the yolk is absorbed. 

The tail in most bony fishes (the Gadidz excepted, according 
to Owen), is heterocercal as in the maturer sharks, but subse- 
quently after the fish has swam about for a while and increased in 
size it becomes homocercal or symmetrical. The scales are the 
last to be developed. 

In the large size of the pectoral fins, the position of the mouth, 
which is situated far back under the head, the heterocercal tail, the 
vartilaginous skeleton and uncovered gill-slits, the embryo salmon, 
pike, perch, etc., as Owen observes, manifest transitory characters 
which are permanent in sharks (Selachii). 

A summary of the changes undergone in the bony fishes is as 
follows: 

1. Segmentation partial. 

2. A gastrul4-condition in the lamprey and sturgeon, but not 
in the bony fishes (trout, etc). 

3. The embryo arises as in any other vertebrate. 


1The Structure and Growth of Domesticated Animals,” 20th Ann. Report of the 
Secretary of the Massachusetts Board of Agriculture, Boston, 1873. These were 
kindly loaned by Mr. C. L. Flint, the Secretary, 
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4. Adult form attained at the time of hatching or birth, in the 
viviparous species; certain forms undergoing slight metamor- 


phosis. 
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Development of the Amphibia. Passing by the Dipnoa (Cera- 
todus, Protopterus and Lepidosiren) of whose development we as 
yet are totally ignorant, and the Simosauria, Plesiosauria and 
Ichthyosauria, we come to the salamanders and toads and frogs, 
or Amphibia. ‘The early history of the extinct Archegosaurus, 
Dendrerpeton and Labyrinthodonts died with them, and we can 
only predicate from the imperfectly known structure of the adult 
forms that their young possibly developed in a manner like that 
of the living batrachians. 

As in the fishes the batrachians are most highly colored during 
the breeding season. The males of certain newts acquire the 
dorsal crest and a broader tail-fin, aiding in the process of fecunda- 
tion (Owen), and other secondary sexual features are added, es- 
pecially to the male during the reproductive season. After an 
imperfect sexual union the salamanders deposit their eggs on the 
leaves of aquatic plants. The eggs of the toad are laid in long 
strings, those of the frog in masses. In these creatures each egg 
is fertilized as it is extruded, and the egg then swells greatly, the 
yolk appearing as a dot in the large jelly-like mass surrounding it. 

Until we have a detailed embryology of the Amphibians, studied 
in the light of the newer school of embryology, the reader must 
be content with the following summary of Owen’s account in his 
** Anatomy of Vertebrates.” 

The segmentation of the egg in the Amphibia is total, the pro- 
cess beginning usually about three hours after impregnation in 
the frog, and lasting twenty-four hours. The primitive streak, 
the notochord and nervous system then arise as in other craniated 
Vertebrates. After the appearance of the branchial arches, the 
gills begin to bud out from them, finally forming the larger gills 
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of the tadpole. The embryo now rests on the large yolk sac, 
much as in the embryo fish, but this is entirely absorbed before 
the embryo leaves the egg. Before the yolk-sac is absorbed a 
communication opens between the alimentary canal and _ the 
branchial cavity in the head (bucco-branchial cavity of Owen), 
‘‘and this opens externally on the lower part of the head by a 
vertical fissure, on each side of which a small protuberance buds 
out, forming a special organ’ of adhesion—a pair of temporary 
cephalic limbs.” (Owen.) Now the gills having got their growth, 
the remnant of the yolk enclosed by the abdominal walls, and 
the tail well developed, the tadpole bursts its egg membrane and 
swims about freely. In Italy, Rusconi found that the tadpoles 
hatched in four days, in England they hatch in five days, and the 
period may be prolonged to four weeks by cold weather. It is a 
common sight in Maine to see frogs’ eggs laid in ponds still con- 
taining ice and snow. 

The tadpole is much less developed than the larval fish or any 
other vertebrate; the intestine is not yet formed, and in other im- 
portant characters it is lower in organization than the freshly 
hatched fish. It is also a vegetarian, eating decaying leaves; the 
mouth is small and round, the alimentary canal is remarkably long, 
the intestine coiled up in a spiral, the mouth is small, destitute of 
a tongue and the beak unarmed with teeth. ‘About the middle 
period of aquatic life the true or permanent kidneys begin to be 
formed from and upon the primordial ones; and the basis of the 
ovaria, or testes, may now be discerned. The oviduct is soon 
distinct from the ureter; but the testes retain the same excretory 
duct as the kidneys; their vasa deferentia communicate with re- 
tained czeca of the primordial kidneys before penetrating the later 
glands ; the upper or anterior ends of the first remain for some 
time behind the heart.” (Owen.) 

**Soon after the external gills have reached their full develop- 
ment they begin to shrink, and finally disappear; but the branch- 
ial circulation is maintained some time longer upon the internal 
gills; these consist of numerous short tuft-like processes from the 
membrane covering the cartilaginous branchial arches; they are 
protected by the growth of a membranous gill-cover, which, as the 
external branchiw are absorbed, leaves only one small external 
orifice, by which the branchial streams, admitted by the mouth, 
continue to be expelled. The chief distinction between the fully 
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developed branchial circulation in the Batrachian larva and that of 
the fish consists in the presence of small anastomosing channels, 
between the branchial artery and vein of each gill, proximad of the 
gill itself. The tongue makes its appearance when the fore limbs 
are developed.” 

The vertebrae of the tadpole are biconcave, but in the change to 
the adult are converted into cup-and-ball joints, by ossification of 
the substance of the cavities, and its coalescence either with the 
fore (Pipa) or back (Rana) part of the centrum. The remarkable 
changes in the hyo-branchial apparatus and the skull are described 
by Owen. 

The accompanying figures (from Tenney’s: Zoology) represent 
the external changes of the toad from the time it is hatched until 
the form of the adult is attained. The tadpoles of our American 
toad, as observed in the European toad by Owen, are smaller and 
blacker in all stages of growth than those of the frog. The tadpole 
is at first without any limbs (Fig. 297) ; soon the hinder pair bud out. 
After this stage (Fig. 298) is reached, the body begins to diminish 
in size. The next important change is the growth of the front 


Fig. 299. Fig. 298. 


Metamorphosis ot the Toad. 
legs and the partial disappearance of the tail (Fig. 299), while 
very small toads (Figs. 300 and 301), during midsummer, may be 
found on the edges of the pools in which some of the nearly tail- 
less tadpoles may be seen swimming about. When the tadpoles 


are hatched late, the gills are often retained through the winter, 
as large tadpoles of frogs are often found in pools by breaking 
through the ice. It is three years, according to Owen, before the 
Amphibia are capable of breeding. 

‘In the newts (Triton) the gills are in three pairs, larger and 
more complex than in the frog; the fore limbs are the first to 


x 
Fig. 297. 
Fig. 300. ° Fig. 301. 
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emerge, and the gills persist long after the hind limbs are devel- 
oped.” (Owen). While as a rule the eggs of newts or salaman- 
ders are laid in the water, the red-backed salamander lays its eggs 

Fig. 302. in damp places on land, though the young 
are provided with gills, Fig. 302 (after 
Hoy) represents the young of Amblystoma 
lurida on the tenth day after hatching, the 
lower figure the natural size of the freshly 
hatched young. In the Surinam toad and 
Hyla of the island of Mauritius there is no 
metamorphosis, the young hatching with the form of the adult. 
The Siredon or Axolotl of Mexico, according to Dumeril, lays 


Larval Salamander. 


eggs, though a larva, while, Fig. 303. 
as in the Axolotl, the lar- § 
va of Amblystoma mavor- 
tium, originally described 
as an adult animal under 
the name of Siredon liche- 
noides (Fig. 303, from Ten- 
ney’s Zoology) has been 
found by Professor Marsh 
to drop its gills and assume its adult form when brought to the 
sea level, its original habitat being the lakes situated in the Rocky 
Mountains at an altitude of 4,500 —7,000 feet. 

Professor Owen has well summed up the wonderful changes 
undergone in these metamorphoses, which are exactly paralleled 
by those of the vegetarian larval gnat with biting jaws and gills 
into the blood-sucking volant, air-breathing fly; entirely new 
organs replacing the deciduous ones of the larva, and the body 
in attaining maturity being made over anew. ‘In the metamor- 
phoses of the Batrachia,” says the distinguished comparative 
anatomist, ‘‘we seem to have such process carried on before our 
eyes to its extremest extent. Not merely is one specific form 


Siredon or larval Salamander. 


changed to another of the same genus; not merely is one generic 
modification of an order substituted for another, the transmuta- 
tion is not even limited by passing from one order (Urodela) to 
another (Anoura) ; it affects a transition from class to class. The 
Fish becomes the Frog ; the aquatic animal changes to the terres- 
trial one; the water-breather becomes the air-breather ; an insect 
diet is substituted for a vegetable one. And these changes, more- 
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over, proceed gradually, continuously, and without any interrup- 
tion of active life. The larva having started into independent 
existence as a fish, does not relapse into the passive torpor of the 
ovum to leave the organizing energies to complete their work un- 
troubled by the play of the parts they are to transmute, but step 
by step each organ is modified, and the behavior of the animal 
and its life-sphere are the consequence, not the cause, of the 
changes.” 

“The external gills are not dried and shrivelled by exposure to 
the air, nor does the larva gain its lungs by efforts to change its 
element and inhale a new respiratory medium. The beak is shed, 
the jaws and tongue are developed, and the gut shortened, before 
the young Frog is in a condition to catch a single fly. The em- 
bryo acquires the breathing and locomotive organs—gills and com- 
pressed tail—while imprisoned in the ovum; and the tadpole ob- 
tains its lungs and land-limbs while a denizen of the pool; action 
and reaction between the germ and the gelatinous atmosphere of 
the yolk, or between the larva and its aqueous atmosphere, have 
no part in these transmutations. The Batrachian is compelled to 
a new sphere of life by antecedent obliterations, absorptions and 
developments, in which external influences and internal efforts 
have no share.” 

While the passage we have quoted is an attack against La- 
‘ marckianism, we do not see but that in a long course of genera- 
tions of the ancestors of the present species of amphibians, the 
metamorphoses may have become gradually established, finally be- 
coming the normal history of each individual ; the changes of the 
individual epitomizing the successive steps in the collective life- 
history of the entire group of Amphibians. That changes in the 
physical surroundings induce important modification of structure 
is seen in the exceptional mode of metamorphosis of the Surinam 
Pipa, or the Hyla of Mauritius, and on the other hand, in the 
prematurity of the axolotl, which near the level of the sea drops 
its gills, while five or six thousand feet above the sea it retains its 
gills and still produces young. : 

To recapitulate, we have the following stages of development 
in the Amphibia: 

1. Morula (segmentation total). 

2. The embryo develops as in the bony fishes. 

3. Young with external gills hatching with a fish-like form, but 
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much less advanced in internal organization ; or, rarely, hatching 
in the adult form, the metamorphosis being suppressed. 

4. Larval forms retained as in the Menobranchus, Siren, Meno- 
pona and Salamanders; or dropped, as in the toad and frog. 
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Development of the Reptiles. We now come to study the embry- 
ology of those vertebrates in which there is an important embry- 
onal membrane, the amnion, developed, besides an allantois. The 
eggs of reptiles from their abundant supply of yolk cells, and the 
early stages of the embryo, are so much like those of birds that 
the reader is referred to the account of the early stages of the 
chick for a more complete account of the early phases of embry- 
onic life in the reptiles. 

As with birds, the eggs are enormous in size, and like those of 
the ostrich they are laid in the sand, and are left by the parent to 
be hatched by the warmth of the sun. 

Professor H. J. Clark, in his ‘‘ Mind in Nature,” tells us that of 
all eggs those of turtles are by far the most easily preserved in a 
healthy state during the time of incubation. ‘All that is required 
to obtain them is to collect a number of turtles in early spring, 
before May, and keep them enclosed in some shady spot where 
they can have easy access to water and soft earth, and to feed them 
well with fresh herbage, such as plantain-leaves, lettuce, beet- 
leaves, etc., etc., and in the course of time, usually in May and 
June, they may be caught, at early dawn, digging holes in the 
earth with their hind legs, and depositing therein their brood of 
eggs, and then covering them up.” 

The lizards, snakes, and crocodiles, lay their eggs in sand or 
light soil, the iguana in the hollows of trees, while certain lizards 
and snakes are viviparous. Agassiz has discovered the extraor- 
dinary fact that in turtles fecundation does not appear to be an 
instantaneous act, resulting from one successful connection of the 
sexes, as it is with most animals, but ‘‘a repetition of the act, thrice 
every year, for four successive years, is necessary to determine 
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the final development of: a’ new individual, which may be accom- 
plished in other animals by a single copulation.” From the same 
source we learn that Chrysemys (Emys) picta does not lay its eggs 
before the eleventh year. Our other turtles probably lay their 
eggs from the eleventh to the fourteenth year, according to the 
species. The operation takes place in the month of June, both at 
the north and south, climatic differences not seeming to have any 
effect upon this particular function. 

Before segmentation of the yolk the nucleus, or germinal vesicle, 
undergoes self-division. According to Agassiz and Clark ‘ this 
takes place, at least to a certain extent, without the influence of 
fecundation within a year, but at the same time has been seen only 
in those eggs which have been expelled from the ovary. Finally 
they become the original cells, ‘* the primitive embryonic cells ” en- 
gaged in the composition of the different organs of the body. In 
the bony fishes, according to Céllacher, the germinal vesicle is 
ejected bodily from the germinal disk, and Foster and Balfour 
think this fate awaits that of the birds. In insects the germinal 
vesicle is supposed to undergo self-division and form the nuclei 
of the cells of the blastoderm. 

The segmentation of the yolk has been fully observed in Glyp- 
temys (Emys) insculpta. The process of segmentation is not so 
regular, and there does not seem to be always, in the beginning, 
a symmetrical halving of the embryonic area, as has been observed 
among birds ; but in other respects it resembles what takes place 
within the eggs of the latter animals, and finally results in shap- 
ing out the embryonic disk.” Agassiz and Clark, from whom we 
have quoted,.think, however, that, from certain phenomena ob- 
served by them, the whole mass of the yolk becomes segmented. 

The formation of the primitive streak, the amnion, allantois, 
and chorda dorsalis, are much as observed in the chick, and for 
an account of the early stages of the embryo reptiles, the reader 
is referred to the chapter on the embryology of birds. The lungs 
arise as hollow sacs projecting from the sides of the throat; the 
liver is a thickening of the same membrane from which the stom- 
ach is formed, while the reproductive glands ‘arise in intimate 
connection with the posterior end of the intestine.” 

By the time that the heart has become three-chambered, the 
vertebrze have reached the root of the tail, the eyes have be- 
come entirely enclosed in complete orbits, and the allantois begins 
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to grow. Soon after, the embryo turns upon its axis, and always 
rests on its left side. The nostrils may now be recognized as two 
simple indentations at the end of the head, and at first are not in 
communication with the mouth, but soon a shallow furrow leads 
to it. 

The shield begins to develop by a budding out laterally of the 
musculo-cutaneous layer along the sides of the body, and the 
growth of narrow ribs extending to the edge of the shield. ‘* The 
feet, or rather paddles, of the lower forms of turtles, the Chelon- 
ioidz, do not remain in a partially undeveloped state, as might be 
expected from what is observed among other vertebrates, but un- 
dergo what may be called an excess of development ; the bones 
of the toes becoming very much elongated, and the web—which 
remains soft among some turtles with moderately elongated toes, 
—is hardened by the development of densely packed scales, so 
that the whole foot is almost as rigid as the blade of an oar. At 
this time the embryo of Chelydra serpentina snaps at everything 
which touches it. 

Of the development of the Saurians, or lizards, we have no com- 
plete account. The advanced embryo of the lizard, as figured by 
Owen (443), is like that of the turtle without its shell. 

As regards the development of snakes, Owen, deriving his in- 
formation from Rathke’s work, tells us that in the oviparous 
snakes (Natriz torquata) the embryo partially develops before the 
egg is laid, while the young hatches in two months after the egg is 
deposited. By this time the amnion is perfected, ‘“‘the head is 
distinct, and shows the eye-ball and ear-sac; also the maxillary 
and mandibular processes. ‘The allantois is about as large as the 
head.” ‘The long trunk of the serpent grows in a series of de- 
creasing spirals, and when five or six are formed, the rudiment of 
the liver and the primordial kidneys are discernible.” At the 
latter third of embryonic life the right lung appears as a mere 
appendage to the beginning of the left. 

A summary of the changes in the egg undergone by the reptiles 
is as follows: 

1. Segmentation partial, possibly total (morula?). 

2. The embryo develops much as in the bony fishes until the 
embryonal membranes appear. 

3. Formation of an amnion. 

4. After the alimentary canal is sketched out, the allantois buds 
out from it. ¢ 
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5. The shield of the turtle develops and the reptilian features 
are assumed. 


6. The embryo hatches in the form of the adult, there being no 

metamorphosis. 
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Development of Birds. So much alike are all the living species 
of birds that the embryology of a single kind is in all probability 
a type of that of the others. The development of the domestic 
fowl has been studied in more detail than any other vertebrate, 
since it is easy to hatch the eggs artificially, and from their large 
size they can be examined more readily than the eggs of fishes. 
Our account of the embryology of birds will be taken from the 
admirable account by Foster and Balfour in their ‘Elements of 
Embryology,” and we shall freely use their work, often quoting 
them, word for word, where it is not possible to farther condense 
their language. 

The eggs of the hen are fertilized in the upper extremity of the 
oviduct, whether before or after the ‘‘ white” of the egg is depos- 
ited is unknown, but at any rate before the shell is deposited 
around the ‘ white.” 

First day. As the first result of impregnation the germinal 
vesicle disappears, probably being, judging from the analogy of 
the bony fishes, bodily ejected from the germinal disk. Then be- 
gins the process of segmentation of the yolk, which goes on at 
about the time the shell is formed. Segmentation is partial, being 
restricted to the germinal disk of the ovarian egg; the result is 
the formation of the blastodermic disk, which is the beginning of 
the embryo, resting on the upper surface of the yolk and appear- 
ing as a pale round spot seen in the freshly laid egg. ‘This blas- 
toderm at first consists of two layers of cells, the upper made up 
of nucleated cells, and the lower of irregular rounded masses 
called ‘* formative cells.” 

Now begins the marking out of the embryo, which develops in 
the ‘‘arvea pellucida” a transparent rim (encompassed by the 
‘area opaca”) surrounding the blastoderm. The first step is the 
origin of an inner germ-layer, the two others having previously 
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arisen, so that we now have the three germ-layers found in all 
vertebrates and in some invertebrates. From the outer layer 
(epiblast) arises the tegument and walls of the body, with the 
nervous cord; while from the second (mesoblast) are formed 
the heart and the vascular system or blood-vessels, and the stom- 
ach and intestines. The third and innermost layer is called 
the “ hypoblast.” By the sixth or eighth hour these three mem- 
branes become definitely established. The middle layer now 
thickens and thus causes the appearance known as the “ primitive 
streak,” along the middle of which runs the depression known as 
the ‘* primitive groove.” In front of the primitive groove appears 
the ‘* medullary groove,” and below it the notochord or ‘ chorda 
dorsalis” originates from the cells of the middle layer. This 
notochord (Fig. 304, ch) lies directly beneath the medullary tube 


Fig. 304. 


ch dd df 


Section of an Embryo Hen. 


(mr) and between the outer and third germ-layer in the form of a 
flattened circular rod. The blastoderm is now folded anteriorly 
like the letter S; this is called the ‘* head-fold,” and soon after 
the “‘tail-fold” is formed in a similar way. These two folds meet 
in the middle thus forming the body of the embryo. 

Next the primitive groove and streak disappear as the sides of 
the medullary groove rise up, when they finally meet, forming the 
neural tube; or hollow in which the nervous cord is formed. 

About this period the first pair of protovertebree make their 
appearance. They arise from the mesoblast as two cubical masses 
(Fig. 8041, u w) lying one on each side of the notochord. Two 
more pairs appear behind the first pair before the first day is 


1Fig. 304; dd, third or inner germ-layer (darmdriisenblatt or hypoblast); ch, chorda 
dorsalis or notochord; uw, primitive vertebra, or protovertebre; wiwh, cavity in the 
protovertebrx; ao, primitive aorta; ung, Wolffian duct; sp, split in the middle-germ 
layer, the beginning of the pleuro-peritoneal cavity (mesoblast) by which it is divided 
into two layers, the lower layer (df) the splanchnopleure (or darmfaserplatt), the upper 
layer (hpl) being the somatopleure (hautplatt), the two layers unite at mp (K6lliker’s 
mittelplatt); mr, medullary tube (riickenmark); h, outer germ-layer (hornblatt or 
epiblast). 
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ended. ‘Out of the protovertebree are formed not only the per- 
manent vertebra, but also the superficial dorsal as well as certain 


Fig. 305. 
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Early stage of a Vertebrate (Fowl). 


other muscles and the spinal nerves. The pair of protovertebree 
first formed cor.esponds not with the first cervical vertebra of the 
adult chick, but rather with the third or even fourth; for though 
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the majority of the protovertebre are formed regularly behind the 
first pair, two or even three pair may make their appearance in 
front of it” (Foster and Balfour). 

Fig. 304 (from Kolliker) is a cross section through an embryo 
chick of the second day magnified 90-100 times, showing the rela- 
tions of the medullary tube, chorda dorsalis and protovertebre. 

Meanwhile the middle layer has split into two layers ; the upper 
(or outer) leaf is called the ‘* somatopleure,” so-called from its 
giving rise to the body walls, while the lower (or inner) leaf is 
called the ‘*splanchnopleure,” as it is destined to form the ali- 
mentary canal, and the liver and other glands originating from the 
digestive cavity. 

The amnion next arises from certain folds of the somatopleure. 
As the embryo thickens and sinks into the yolk two folds grow 
out of the head and tail end respectively (Fig. 305, 2, ks and ss). 
These finally meet and coalesce on the fourth day over the back 
of the embryo, forming the amniotic cavity (Fig. 305, 3, ah) in 
which the embryo lies. The fluid which fills this cavity is called 
the amniotic fluid. 

The allantois arises as an appendage of the alimentary canal, 
budding out at the hinder end of the embryo. It finally grows 
(as in Fig. 305, 4, al) so large as to curve over the embryo, serv- 
ing as a foetal respiratory organ.! 

Second Day. By the time the embryo is thirty hours old the 
outlines are bolder, more distinct and the tissues firmer, so that 


1Fig. 305. Five schematic figures showing the development of the foetal egg-mem- 
branes, where in all except the last the embryo is represented as if seen in longitudinal 
section. 1. Egg with zona pellucida (embryonic sac) blastoderm (a, 2) germinal disk and 
embryo. 2. Egg with the first traces of the yolk sac (d) and amnion (xs, ss and am). 
3. Egg with the amnion uniting and forming a sac; the allantois (al) budding out. 4. 
Egg with the vili of the serous membrane (sz); the allantois larger; embryo with 
mouth and anal opening. 5. Egg in which the vascular layer of the allantois lies close 
to the serous layer and has grown into the villi of the same, constituting the true cho- 
rion (ch). Yolk sac much smaller, about to be drawn into the cavity of the amnion. 

d, yolk-skin; @’, villi of the yolk-skin; sh, serous membrane: sz, villi of the serous 
membrane; ch, chorion (vascular layer of the allantois) chz, true villi of the chorion 
(arising from the projections of the chorion and the sac of the serous membrane); am 
amnion; ks, head-fold of the amnion; ss, tail-fold of the amnion; ah, cavity of the am- 
nion ; as, sheath of the amnion for the navel string; @, the first beginuing of the embryo 
arising from a thickening of the outer layer of the blastoderm a’; m, thickening form- 
ing the germ in the middle layer of the blastoderm (m’), which at first only reached as 
far as the germinal disk, and afterwards forms the vascular layer of the yolk-sac (df) 
which connects with the intestino-muscular layer (darmfaserplatte); st, sinus termi- 
nalis; dd. intestino-glandular layer (darmdrusenblatt) arising out of a part of i, the 
inner layer of the blastoderm (afterwards the epithelium of the yolk-sac; kh, cavity of 
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the whole blastoderm can be removed from the egg with much 
greater ease than before. The head-fold has now become more 
prominent than before. The nerve-tube, at first of uniform thick- 
ness dilates anteriorly forming the first cerebral vesicle, and the 
second and third cerebral vesicles successively form, the proto- 
vertebree increase rapidly, and soon the embryonic chick presents 
the appearance of the embryo rabbit of nearly the same age. 

The alimentary canal commences as a cul de sac, closed in front 
but widely open behind, situated below the anterior end of the 
medullary tube. The heart originates also in the head-fold at 
about the time the protovertebree are formed, and the rudiment is 
situated below the fore gut or rudiment of the alimentary canal ; 
by the end of the first half of the second day it is flask-shaped, 
with a slight bend to the right. ‘Soon after its formation the 
heart begins to beat, its at first slow and rare pulsations beginning 
at the venous and passing on to the arterial end.” Its movements 
begin before the cells of which it is composed are differentiated 
into muscle or nerve-cells. To provide channels for the fluid 
pressed out by the contractions of the heart, the heart divides into 
the two primitive aorte, and connects with other embryonic tem- 
porary arteries and veins. Meanwhile in the vascular area and 
area pellucida, the arteries, capillaries and veins rapidly develop, 
and blood disks arise as ameba-like cells separating from the adja- 
cent cell-mass of the mesoblast (middle germ-layer), while the 
vessels are contemporaneously forming; the red blood corpuscles 
not being true cells, but nuclei. The first half of the second day 
ends with the rise of the rudiment of the Wolffian duct. “It is 
important to remember that the embryo of which we are now 
speaking is simply a part of the whole germinal membrane, which 
is gradually spreading over the surface of the yolk. It is impor- 
tant also to bear in mind that all that part of the embryo which is 
in front of the most anterior protovertebrae corresponds to the 
future head, and the rest to the neck, body and tail. At this 


the blastoderm, which afterwards becomes ds, the cavity of the yolk-sac; passage way 
of the yolk; al, allantois; e, embryo; 7, original ‘space between the amnion and cho- 
rion, filled with albuminous fluid; vl, anterior body-wall in the region of the heart; hh, 
cavity of the heart without the heart itself. 

In Figs. 2 and 3, the amnion is for the sake of clearness represented as situated too 
far away from the embryo; s0 also the cavity of the heart is drawn too small and the 
embryo too large, since except in Fig. 5, they are only drawn diagrammatically. These 
and Fig. 304, from Kélliker’s Entwickelungsgeschichte des Menschen und der hoheren 
Thicre. 
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period the head occupies nearly a third of the whole length of the 
embryo” (Foster and Balfour). 

In the second half of the second day, among the most important 
changes are the appearance of the second and third cerebral vesi- 
cles, the optic vesicles, while the “first rudiment of the ear is 
formed as an involution of the epiblast on the side of the hind 
brain or third cerebral vesicle.” 

Third day. This day is one of the most eventful, as the rudi- 
ments of so many important organs now first appear. First, the 
embryo, now almost completely enveloped by the amnion, turns 
around so as to lie on its left side. The heart, originally formed 
under where the brain is destined to lie, moves backward into the 
trunk, and by this time (the third day) the neck has been formed, 
in which appears ‘the four branchial fissures, the most anterior 
being formed first. It is these temporary fissures which corres- 
pond to the branchial fissures of Amphioxus. ‘* On account of 
this resemblance—in fact by some assumed as an identity both in 
form and function—the fissures have been called by embryologists 
the branchial fissures (compare Fig. 288) and the vessels [passing 
between them] the branchial aorte, the former corresponding with 
the passages between the gills of fishes, and the latter with the 
vessels which supply the gills with blood” (Clark’s Mind in Na- 
ture, p. 311). 

In fact the embryo bird in some respects is now as far advanced 


in organization as the Lancelet, and may be rudely compared with 
that animal, though the incipient neck, head and brain are features 
which the Lancelet lacks. 

The eye commences as a lateral outgrowth of the fore brain, 
in the form of a stalked vesicle subsequently converted into the 
optic nerve, while the lens is formed by an involution of the skin 
of the body (outer germ-layer) over the front end of the optic 
vesicle. The ear is also at first simply an involution of the outer 
germ-layer (epiblast) forming a pit, or ‘‘ otic vesicle,” which is 
destined to form the internal ear, containing the bones and other 
parts of the inner ear. The nose begins as two shallow pits 
formed by the sinking in of the outer germ-layer. Each of these 
pits is situated next to the olfactory vesicles (afterwards nerves), 
but at first there is no connection between the pits and the nerves 
as between the pits and the mouth, which is in fact not yet formed, 
since it arises afterwards as an extension inward of the cleft be- 
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tween the first branchial folds and its branch, as the jaws or max- 
illee arise from the first fold, the upper jaws being two branches of 
the fold, the fold itself being the under jaw, while a lozenge- 
shaped cavity between the fold and its branches becomes the 
mouth. 

Meanwhile, for all the changes in the different organs are going 
on contemporaneously, the vesicles or lateral expansions of the 
nerve-tube appear, the vesicles of the cerebral hemispheres devel- 
oping, as well as the separation of the hind-brain into the cerebrel- 
lum and medulla oblongata. The digestive cavity is during the third 
day also, differentiated into the fore-gut and hind-gut, the former 
farther subdividing into the cesophagus, stomach and duodenum, 
and the hind-gut into the large intestine and cloaca. The lungs 
arise as two pocket-like appendages of the alimentary canal im- 
mediately in front of the stomach; while the liver is originally 
two diverticula, and the pancreas a single offshoot from the duo- 
denum. 

Fourth day. With a decided increase in size by this day, the 
amnion becomes more distinct, and the allantois is visible. The 
wings and legs now appear as flattened conical buds arising from 
the ‘* Wolffian ridge,” a low ridge running from the neck to the 
tail, those forming the wings being scarcely distinguishable from 
the rudimentary legs. 

The olfactory grooves appear at this time and the partition 
heretofore existing between the mouth and throat is absorbed and 
disappears. 

The protovertebrie have, by this time, increased in number from 
thirty to forty. The upper portion (muscle-plate) having previ- 
ously separated to form the muscles inserted in the skeleton (epi- 
sketal muscles of Huxley), has left the remainder of each proto- 
vertebra as a somewhat triangular mass, the upper angle of which 
grows up and meets its fellow in the median line above, thus 
enclosing the nerve-canal. On the lower side each protovertebra 
sends out a similar growth enclosing the notochord. ‘* While the 
inner portion of each protovertebra is thus extending inwards 
around both notochord and neural canal, the remaining outer por- 
tion is undergoing a remarkable change. It becomes divided into 
an anterior or preaxial, and a posterior or postaxial segment. 
The anterior, which is the larger and more transparent of the two, 
is the rudiment of the spinal ganglion and nerve, while the pos- 
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terior, which remains more particularly connected with the exten- 
sions round the neural canal and notochord, goes to form part of 
the permanent vertebra. In this way each protovertebra, having 
given rise to a muscle-plate, is farther subdivided into a ganglionic 
rudiment, and into a mass which we may speak of as a‘ primary’ 
vertebra, consisting as it does of a body or mass investing the 
notochord, from which springs an arch covering in the neural 
canal.” (Foster and Balfour.) The conversion of the primary ver- 
tebree or membranous vertebral column into the permanent verte- 
bre is ‘* complicated by a remarkable new or secondary segmenta- 
tion of the whole vertebral column,” so that ‘each permanent 
vertebra is formed out of portions of two consecutive protoverte- 
bre. Thus, for instance, the tenth permanent vertebra is formed 
out of the hind portion of the tenth protovertebra, and the front 
portion of the eleventh protovertebra, while its arch, now attached 
to its front part, was attached to the hind part of the tenth proto- 
vertebra.” (Foster and Balfour). 

By the sixth day the notochord begins to diminish and disap- 
pear by the time the bird is hatched, while by the twelfth day the 
ossification of the bodies of the vertebrae commences, the process 
beginning in the second or third cervical, and thence extending 
backwards. ‘The ribs begin as a downward growth from the ex- 
terior of the vertebra, at first separate from the bodies of the 
vertebra. 

Between the eightieth and one hundredth hour of incubation 
the permanent kidneys arise, and previous to this the sexual 
glands have arisen out of the middle germ-layer, from the germinal 
epithelium lying at the upper end of the pleuroperitoneal cayity. 
In this epithelium may be seen certain large cells, the primordial 
ova, which are at first seen in male as well as female embryos, so 
that in early stages it is impossible to distinguish the sexes. Be- 
tween the eightieth and one hundredth hour, however, the pri- 
mordial ova disappear in those embryos destined to be males, 
while they enlarge and multiply in the female. ‘The large nu- 
cleus of the primordial ovum becomes the germinal vesicle, while 
the ovum itself remains as the true ‘‘ovum.” ‘The testes begin 
to arise on the sixth day. 

Fifth day. This period is signalized by the fuither growth of 
the allantois, and by the appearance of the knee and elbow, and of 
the cartilages which precede the formation of the bones of the 
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digits and limbs: as well as the formation of the primitive skull, 
with the development of the parts of the face, and the formation 
of the anus. 

The cranium, from the researches of Rathke, Parker and others, 
is formed from the middle germ-layer, and in the fourth day is 
simply membranous; after that time the tissue composing it be- 
comes cartilage. After the fourth day the primitive skull consists 
of two portions, i.e., a sheet of cartilage ensheathing the noto- 
chord from its anterior end to the first vertebra. ‘* This sheet of 
cartilage forms an wnsegmented continuation of the vertebral bod- 
ies. It is to be considered as the most anterior portion of the 
axial skeleton, in which the segmentation has become obliterated ; 
and as such is equivalent not to one, but to a (hitherto not cer- 
tainly determined) number of vertebre.” (Foster and Balfour. 
For the farther changes in the development of the skull the reader 
is referred to Parker’s memoir on the Development of the Skull 
of the Common Fowl, or the excellent, illustrated abstract in 
Foster and Balfour’s Elements.’’) 

Not until the sixth day are distinct bird-characters developed. 
Hitherto it would be almost impossible to distinguish the embryo 
from a reptile or mammal. During the sixth and seventh day the 
wing and foot assume a bird form, the crop and intestinal coeca 
make their appearance, ‘‘the stomach takes the form of a gizzard, 
and the nose begins to develop into a beak, while the incipient 
bones of the skull arrange themselves after the avian type... . 
From the eleventh day onwards the embryo successively puts on 
characters which are not only avian, but even distinctive of the 
genus, species and variety.” By the ninth or tenth day the 
feathers originate in sacs in the skin, these sacs by the eleventh 
day appearing to the naked eye as feathers, the sacs however re- 
maining closed as late as the nineteenth day, though many are an 
inch in length. 

The nails and scales begin to appear on the thirteenth day. 
“By the thirteenth day the cartilaginous skeleton is completed, 
and the various muscles of the body can be made out with toler- 
able clearness. Ossification begins, according to Von Baer, on the 
eighth or ninth day by small deposits in the tibia, in the meta- 
carpal bones of the hind-limb, and in the scapula. On the eleventh 
or twelfth day a multitude of points of ossification make their ap- 
pearance in the limbs, in the scapular and pelvic arches, in the 
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ribs, in the bodies of the cervical and dorsal vertebrae, and in the 
bones of the head, the centres of ossification of the vertebral 
arches not being found till the thirteenth day.” 

While the blood is at first aerated by the allantois, and there is 
a partial double circulation of the blood, as soon as respiration 
begins a completely double circulation is formed. 

After the sixth day muscular movements of the embryo proba- 
bly begin, but they are slight until the fourteenth day, when the 
embryo chick changes its position, lying lengthways in the egg, 
with its beak touching the chorion and shell membrane, where they 
form the inner wall of the rapidly increasing air chamber at the 
broad end. On the twentieth day or thereabouts, the beak is 
thrust through these membranes, and the bird begins to breathe 
the air contained in the chamber. Thereupon the pulmonary cir- 
culation becomes functionally active, and at the same time blood 
ceases to flow through the umbilical arteries. The allantois shriv- 
els up, the umbilicus becomes completely closed, and the chick 
piercing the shell at the broad end of the egg with repeated blows 
of its beak, casts off the dried remains of allantois, amnion and 
chorion, and steps out into the world.” (Foster and Balfour). 

A brief summary of the changes undergone by the developing 
chick will be seen to be nearly identical with that of reptiles: 

1. Partial segmentation of the yolk. 

2. The embryo develops much as in the bony fishes until the 
embryonal membranes appear. 

3. Formation of an amnion. 

4, After the alimentary canal is sketched out, the allantois buds 
out from it. 

5. The avian features appear from the sixth to the tenth day. 

6. The embryo leaves the egg in the form of the adult, and like 
the reptile, is at once active, feeding itself. 
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PLANTS THAT EAT ANIMALS.! 


BY MRS. MARY TREAT. 


Tue Bladderwort is a common plant, growing in shallow ponds 
and swamps; Dr. Gray in his ‘“* Manual of the Botany of the 
Fig. 306. United States,” describes twelve species found within 
this range, and almost every muddy pond contains 
one or more of them. Some grow wholly or nearly 
out of water; but the species which I am about to 
describe are immersed, with finely dissected leaves 
on long stems floating in the water. Scattered among 
the leaves, or along the stems which are destitute of 
leaves, are numerous little bladders, the use of which 
we had supposed was to float the plant at the time of 
flowering. The flowering stems of most of the spe- 
cies are smooth and free from leaves or bladders, and 
shoot up straight from the water to a hight of from 
three to twelve inches, bearing at the top from one to 
ten curiously-fashioned flowers of a yellow or purple 
color. It has always been taken for granted that 
ms ‘page Teed these little bladders were made to float the plant, 
howding although I had noticed that the stems most heavily 
Natural size. laden with bladders sank the lowest in the water. 
About a year ago (in Dec. 1873), a young man, now at Cornell 
University, and myself, on placing some of the bladders under the 
microscope, noticed animalcules— dead entomostraca, etc., appar- 
ently imprisoned therein. But our attention was not sufficiently 


1 This reprint with some alterations from the “‘ New York Tribune,” has been delayed 
until the publication of Mr. Darwin’s last book gives fresh cause for its appearance. 
We are indebted to the “ Tribune” for the use of the illustrations. 
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aroused to follow up the subject very closely ; we laughingly called 
it “‘our new carnivorous plant.” But as the bladders always 
seemed to be open, the significance of the fact of the imprisoned 
animal was not very apparent. We thought it could hardly be for 
the purpose of feeding the plant, but a kind of wanton cruelty. 
Still, my curiosity was aroused. I soon found larger animals in 
the bladders — dead larvie of some aquatic insect — large enough 


Fig. 308. 


Fig. 307. 


A portion of the 
stem and leaves, 
destitute of blad- 


ders. 


The Bladder of Bladderwort. a, entrance; b, tun- 
nel-like trap; c, point of attachment; d,a stellate 
point. This figure is magnified with a low 
power. 

to be seen distinctly with the naked eye. But I was not aroused 
to earnest work until I watched the movements of an imprisoned 
living larva, and saw its struggles and final death. This was in 
October, 1874. I now visited the ponds and procured abundant 
material. 

The plant that I experimented with mostly was the one known 
to botanists as Utricularia clandestina. 
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My next work was to see what prevented the escape of the 
animal from the bladder, and to this end I directed all my atten- 
tion for several days. The animal that I found most commonly 
entrapped was a Chironomus larva, about the length of the mos- 
quito larva, but more slender and of lighter color. I have fre- 
quently trapped these snake-like larvae ‘tnd seen them enter the 
bladders. They seem to be wholly vegetable feeders, and specially 
to have a liking for the long hairs at the entrance of the bladders. 
When a larva is feeding near the entrance it is pretty certain to 
run its head into the net, whence there is no retreat. A large 
larva is sometimes three or four hours in being swallowed, the 
process bringing to mind what I have witnessed when a small 
snake makes a large frog its victim. 

I worked with this larva for several days, determined, if possible, 
to see him walk into the trap. 

I put growing stems of the plant in a small dish of water with 
several larvie, and set it aside. In a few hours thereafter I would 
find the living larvee imprisoned. This served for another purpose, 
but not for the object I was aiming at. Forced to give up this 
plan of seeing the larve enter the bladder, I now directed my 
attention to the smaller ones—animalcules proper,—I placed the 
bladders in water inhabited by numerous tiny creatures, and soon 
had the satisfaction of seeing the modus operandi by which the 
victim was caught. 

The entrance into the bladder has the appearance of a tunnel- 
net, always open at the large end, but closed at the other extrem- 
ity. I find that the net is simply a valve turned in from the mouth 
of the bladder, with the outer edge surrounded with a dense mass 
of hairs, which impels the larva forward and prevents the possi- 
bility of retreat. ‘The little animals seemed to be attracted into 
this inviting retreat. They would sometimes dally about the open 
entrance for a short time, but would sooner or later venture in, 
and easily open or push apart the closed entrance at the other 
extremity. As soon as the animal was fairly in, the forced 
entrance closed, making it a secure prisoner. 

Entomostraca too were often captured — Daphnia, Cyclops and 
Cypris. These little animals are just visible to the naked eye, but 
under the microscope are beautiful and interesting objects. The 
lively little Cypris is encased in a bivalve shell, which it opens at 
pleasure, and thrusts out its feet and two pairs of antenne, with 
tufts of feathery-like filaments. This little animal was quite 
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wary, but nevertheless was often caught. Coming to the entrance 
of a bladder it would sometimes pause a moment and then dash 
away; at other times it would come close up, and even venture 
part way into the entrance and back out as if afraid. Another, 
more heedless, would open the door and walk in; but it was no 
sooner in than it manifested alarm, drew in its feet and antennz 
and closed its shell. But after its death the shell unclosed again, 
displaying its feet and antenne. I never saw even the smallest 
animalcule escape after it was once fairly inside the bladder. 

So these points were settled to my satisfaction —that the 
animals were entrapped, and killed, and slowly macerated. But 
how was I to know that these animals were made subservient to 
the plant? If I could only prove that the contents of the bladders 
were carried directly into the circulation, my point was gained. 
This now was my sole work for several days, to examine closely 
the contents of the bladders. I found the fluid contents to vary 
considerably, from a dark, muddy, to a very light, transparent 
color. Hundreds of these bladders, one after another, were put 
to the test under the microscope, and I found that to a greater or 
less extent, I could trace the same color that I found in the 
bladder, in the stem on which the bladder grew, though the 
observation was not so clear and satisfactory as I could wish. 
After more critical examination I arrived at the conclusion that 
the cells themselves and not their contents, change to a red color ; 
the stems also take on this color, so as to make it appear as if a 
red fluid was carried from the bladders into the main stem, which 
is not specifically the fact so far as the observations yet made 
determine ; though the main point, that the contents of the bladders 
are carried into the circulation, does not seem open to question. 

The next step was to see how many of the bladders contained 
animals, and I found almost every one that was well developed 
contained one or more, or their remains, in various stages of diges- 
tion. The larva of Chironomus was the largest and most constant 
animal found. On some of the stems that I examined, fully nine 
out of every ten of the bladders contained this larva or its remains. 
When first caught it was fierce, thrusting out its horns and feet 
and drawing them back, but otherwise it seemed partly paralyzed, 
moving its body but very little; even small larvee of this species . 
that had plenty of room to swim about were soon very quiet, 
although they showed signs of life from twenty-four to thirty-six 
hours after they were imprisoned. In about twelve hours, as 
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nearly as I could make out, they lost the power of drawing their 
feet back, and could only move the brush-like appendages. There 
was some variation with different bladders as to the time when 
maceration or digestion began to take place, but usually, on a 
growing spray in less than two days after a large larva was cap- 
tured, the fluid contents of the bladders began to assume a cloudy 
or muddy appearance, and often became so dense that the outline 
of the animal was lost to view. 

Nothing yet in the history of carnivorous plants comes so near 
to the animal as this. I was forced to the conclusion that these 
little bladders are in truth like so many stomachs, digesting and 
assimilating animal food. What it is that attracts this particular 
larva into the bladders is left for further investigation. But here 
is the fact that animals are found there, and in large numbers, 
and who can deny that the plant feeds directly upon them? The 
why and wherefore is no more inexplicable than many another fact 
in nature. And it only goes to show that the two great kingdoms 
of nature are more intimately blended than we had _ heretofore 
supposed, and, with Dr. Hooker, we may be compelled to say, 
brother organisms — plants.” 

About the 1st of December, after I had made most of my 
observations, I wrote to Dr. Asa Gray and to Mr. Darwin, both 
on the same day, telling them of my discovery. Dr. Gray then 
informed me that Mr. Darwin had been engaged in the same work 
on Utricularia, and also sent me a note from him, bearing date 
Aug. 5. From this note it would appear that at that date he had 
not worked the matter up as far as I had —at least had not found 
so many imprisoned animals; but with his superior facilities he 
may have far outstripped me. 


REVIEWS AND BOOK NOTICES. 


ALLEN’s STUDIES IN THE Facrat Recion.!— Though these essays 
are for the most part jottings from lectures delivered to dental 
students, naturalists will take an interest in the last chapter on 
the ** Nomenclature of the Teeth,” while the first chapter on the 
‘Region of Expression,” is an interesting one. 


1 Studies in the Facial Region. By Harrison Allen, M.D. Illustrated with 56 wood- 
cuts. J. B. Lippincott & Co. Philadelphia, 1875. 8vo, pp. 117. 


ZOOLOGY. 


CAVE-INHABITING SprpERs.— Naturalists are paying much atten- 
tion to cave animals, and the modification of their organs due to 
their life either in twilight or total darkness. In some the eyes 
are entirely wanting, while the appendages are variously modified 
to remedy, as it were, the loss of eyesight. M. Simon of Paris has 
lately published in the ‘‘ Annales of the Entomological Society of 
France,” an interesting memoir on certain new spiders and allied 
forms inhabiting either caves or subterranean abodes in the soil of 
southern Europe. Some of these arachnids live simply in porous 
soil, but at great depths, and probably in small galleries. Such 
species he calls hypogeal (hypogés) and they belong to the same 
genera as the cave-inhabiting arachnids, and often the species are 
so nearly allied that it would seem as if the same species might live 
both in caves and under the soil, and he thinks certain troglodyte 
arachnids may live also in porous soil. Several cave-inhabiting 
arachnids want eyes, such are Anthrobia, Hadiles and Stalita, but 
he thinks this is a character of minor importance, since it is owing 
to external conditions slowly produced after a series of genera- 
tions. Thus M. Thorell has described a Stalita Schiodtii, which 
taken at the entrance of a cave, living in twilight, has radimentary 
eyes, while the other species of the same genus living in total 
darkness has none. All the light-shunning arachnids, both trog- 
lodyte and hypogeal, have several features in common which show 
at once their kind of life. Their skin is thin, colorless, without 
the fine hairs usually clothing the body of other arachnids, but 
furnished here and there with long stiff hairs, which doubtless in- 
crease their sensitiveness. Their limbs are slenderer and longer 
than in their congeners living in the light, as has been noticed by 
American observers. Of this Stalita and Blothrus are striking 
examples, as these two arachnids belong to two groups repre- 
sented respectively by Dysdera and Obisium, in which the limbs 
are short and stubby. These long appendages, adds M. Simon, 
thus modified, are perfectly adapted to a life in the dark; the 
slender, long feet, garnished with stiff hairs, are organs of a 
delicate sense of touch, which make up for the absence of eyes. 
The large fingers (cheliceres) are organs of distant prehension, 
which enable the species of the genus Cyphophthalmus (remotely 
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allied to the harvestmen) to detect at a distance prey, which they 
are unable to pursue, while the nearest allied external form is a 
species of Trogulus in which the appendages of the head are so 
short, that a slight advance of the front suffices to cover them. 
Here we see specific and generic characters induced by differences 
in the conditions of life, that are patent to the most casual ob- 
server. lence the most telling facts for the theory that the dif- 
ferent forms of life are induced by changes in life and the environ- 
ment of the plant or animal, -are afforded by cave animals. Our 
country abounds ii such cases, and it is hoped that naturalists will 
explore them thoroughly, as many novelties may be expected. 


Dicestion 1n Insects. — M. Plateau finds that when the sali- 
vary glands of insects are not diverted from their primitive func- 
tion to become silk or poison glands, they secrete a neutral or 
alkaline liquid, possessing at least as regards one pair, the prop- 
erty characteristic of the saliva of vertebrate animals of rapidly 
transforming starch matters into soluble and assimilable glycose. 
The change is effected in a posterior dilatation of the cesophagus. 
At this place results in the carnivorous insects a transformation 
of albuminous matters into soluble substances like peptone, and 
in vegetable-feeding species an abundant production of sugar out 
of the starchy matter eaten. When digestion has taken place in 
the cesophagus it is submitted to an energetic pressure in the 
gizzard or proventriculus which is armed with teeth. It thus 
seems that this is not an apparatus for crushing the food, but for 
expressing the liquid from the food triturated by the jaws. In the 
stomach, or middle intestine, as Plateau calls it, the food is again 
submitted to the action of an alkaline or neutral liquid secreted 
by local glands, present in the Orthoptera, or by a great number 
of small glandular caca as in many beetles, or by a simple lin- 
ing of epithelial cells. This fluid has no analogy with the gastric 
fluid of vertebrate animals. Its function differs according to the 
group to which the insect belongs. In the carnivorous beetles 
it makes an emulsion of the greasy matters; in the Hydrophilid 
beetles it continues the conversion of starch into glycose, begun 
in the esophagus. In the eaterpillars of the butterflies and moths 
it determines a production of glycose and makes an emulsion of 


greasy matters, and in the grasshoppers no sugar is formed in the 
intestine, as this material is produced and absorbed in the cesopha- 
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gus (jabot). The intestine proper is only a foecal reservoir. The 
urinary or Malpighian tubes sometimes secrete calculi. No bile 
has been found in the secretions of these tubes. A point of great 
importance is touched upon by the author, namely: the passage 
of the chyle from the stomach to the blood. It is well known 
that there are in Articulates no lacteals as in Vertebrates to effect 
this process. Plateau states that the products of digestion pass 
through the walls of the digestive canal by an osmotic action and 
directly mingle with the blood. 


Horny Crest oN THE MANDIBLE OF THE FemaLe Wuite PELI- 
CAN AS WELL AS THE Matr.—In all the standard works on the 
Birds of North America, it is stated that the horny crest or 
‘button ” on the upper mandible of the white pelican (Pelecanus 
erythrorhynchus) is exclusively a male appendage. I dissected, 
April 20th, 1875, an adult female of this species whose ovaries 
contained eggs in all stages of development. This bird was in 
full plumage, having the feathers of the head and breast conspicu- 
ously elongated and also having a full-sized horny ‘* button” on the 
upper mandible.— F. H. Snow, Lawrence, Kansas. 


Tue Western Micnican.—On the 15th day of 
May last, Dr. H. A. Atkins of Locke, Ingham Co., Mich., shot 
and sent me a fine specimen, male, of Cyanospiza versicolor, which 
I have mounted and have now in my collection. Baird, Brewer, 
and Ridgway’s ‘North American Birds” contains the following 
note on this species: ‘*This beautiful species has only doubtful 
claims to a place in our fauna. It is a Mexican species and may 
occasionally cross into our territory. It was met with at Boquillo, 
in the Mexican state of New Leon by Lieutenant Couch. It was 
procured at Guatemala by Dr. Van Patten and by Salvin, and is 
given by Bonaparte as from Peru. It is also found at Cape St. 
Lucas, where it is not rare, and where it breeds.” 

It was shot in the vicinity of some Indigo birds, C. cyanea, on 
the first day of their appearance in this lo ality. —J. M. B. S111, 
Detroit, Mich. 


MICROSCOPY. 


A NEW WARM STAGE FOR THE MIcRoscopE.— Prof. E. A. Schafer 
of University College, London, finding the warm stages already 
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in use, such as Stricker’s, described by Klein in Sanderson’s Hand 
Book, to be clumsy and difficult to manage with precision, has 
contrived an apparatus which is moderately easy to prepare and 
use, and extremely precise in its results. It consists essentially 
of three parts, the stage, the hot-water reservoir, and the gas 
regulator. 

The stage is a hollow brass-box, closed at every point except an 
inlet pipe at one end and an outlet pipe at the other. Through 
the centre of the stage is an opening or centre chamber for the 
transmission of light through the object. This chamber is closed 
above and below with cover-glasses, upon the upper of which the 
object rests. It communicates with the external air by a hori- 
zontal tubular opening through which a thermometer may be in- 
troduced to test temperature, or tubes for the introduction of 
gases or other reagents, but has no communication with the gen- 
eral cavity of the stage. 

The reservoir consists of a vertical brass cylinder, containing 
hot water, which is heated by a gas flame below. From the top of 
this reservoir the hot water passes with a slight ascent through a 
flexible rubber tube to one end of the stage, through the length of 
the stage and back by a descending course through a rubber tube 
to the bottom of the reservoir. This is a closed circuit entirely 
filled with water, the hot water rising on one side and the cooled 
water falling on the other, precisely as the water pipes in the 
kitchen stove or range heat the copper boiler which supplies the 
hot water pipes of our houses. The reservoir is made hollow for 
the reception of the gas regulator. 

The gas regulator is not unlike a thermometer with the top of 
the tube broken off. A steel tube with a narrow slit in one side is 
cemented tightly into the top of the glass tube of the regulator, 
and delivers the gas inside of the glass tube and some distance 
below its upper end. The glass tube has a side opening above the 
level of the bottom of the steel tube, from which the gas is carried 
by a flexible tube to the burner beneath the reservoir. The regu- 
lator is filled with mercury which, when the required temperature 
has been attained, is adjusted so as to just touch the bottom of 
the steel tube, the flame below the reservoir being only preserved 
by the gas which escapes through the slit in the steel tube, but the 
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least decrease in temperature allowing the mercury to fall and the 
more freely escaping gas to increase the flame. The adjustment 
of the mercury to the exact height required is accomplished by a 
screw which works through a steel collar on the side of the glass 
tube and which by working in or out gives the requisite change of 
capacity to the reservoir. This adjusting screw is the most diffi- 
cult part of the apparatus for construction by an amateur, and 
may be omitted, the adjustment being accomplished by sliding the 
steel tube up or down until its lower end just touches the mercury 
after the desired temperature has been reached, in which case it, 
of course, is not cemented into the glass tube but made to slide 
into it through an air-tight packing. The proximity of the objec- 
tive probably reduces somewhat the temperature of the object, 
and if great exactness is essential, an additional current of hot 
water may be carried through a flexible tube which is coiled around 
the objective. The apparatus is described and figured in the 
‘**Quarterly Journal of Microscopical Science.” 


Cox’s Turntasie.— Miller Bros. of New York have made an 
improved form of this excellent contrivance, which is marked by 
its handsome iron stand and its careful adjustment of the centring 
movements. If the real convenience of this table were known 
its use would soon become general. 


NOTES. 


Messrs. Henry Horr & Co., New York, will publish in January 
** Life-Histories of Animals, including Man,” by A. S. Packard, Jr., 
containing the papers which have appeared during the past year in 
the Natura.ist, with additional chapters and some changes and 
additions. 

NOTICE TO SUBSCRIBERS. 

As announced in our last number, the American Naturalist will, 
after this issue, be published by Messrs. H. O. Houghton & Co., 
of Boston, Mass., the former proprietors having dissolved partner- 
ship. It will hereafter be edited by A. S. Packard, Jr., with the 
assistance of eminent men of science. 

It is hoped that, from the substantial interest taken in the con- 
duct of the magazine by kind friends, a new lease of life awuits it. 

Much more matter, equivalent to over fifty pages, due to the 
increased size of the page, will be put in the next volume, and 
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several new departments added, while the magazine will be more 
popular in character than of late. 

The January number, with an attractive table of contents, will 
be sent out to past subscribers, and it is earnestly hoped that all 
will give the next volume a trial, and induce others to subscribe. 
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